The aim of this study was to determine whether 9 genetic polymorphisms confered susceptibility to schizophrenia (SCZ). The authors conducted meta-analyses on associations between SCZ and 9 variants of 6 genes including PIK3C3 (432C > T), ABCB1 (C3435T and G2677T), CTLA4 (+49A/G), OLIG2 (rs762178), GAD1 (rs1978340, rs3749034 and rs769395), and GRIN1 (G1001C). A total of 34 case-control studies were involved in our meta-analyses. Our results showed no significant association between all the loci and SCZ. This meta-analysis confirmed a lack of association of SCZ for 9 genetic polymorphisms including GRIN1 G1001C, ABCB1 C3435T and G2677T, CTLA4 + 49A/G, OLIG2 rs762178, GAD1 gene rs1978340, rs3749034 and rs769395, and PIK3C3 432C > T.
INTRODUCTION
Schizophrenia (SCZ) affects about 1% of the population in the world. SCZ is a complex mental disorder resulting from the interaction between genetic and environmental factors. Twin studies estimate that the sum of the genetic effects in liability to SCZ is 81% [1, 2] in contrast of less than 20% from environmental factors of SCZ [3] . Although a handful of genes have been identified to be associated with SCZ in recent studies [4] , replication of these results in other ethnic populations or meta-analyses of available studies is necessary for this high heterogeneous mental disorder [5] [6] [7] .
Glutamate hypothesis is classical in the pathogenesis of SCZ [8] and provides an explanation of the brain abnormalities associated with SCZ [9] . N-methyl D-aspartate 1 (GRIN1) encodes a critical subunit of N-methyl-Daspartate receptors (NMDAR) that plays a pivotal role in glutamate neurotransmitter system. As a member of the superfamily of ATP-binding cassette (ABC) transporters, ABCB1 was shown to be associated with the metabolic disturbances by antipsychotic drugs [10] [11] [12] . The immune system has changed in the SCZ patients such as the complement pathway [13, 14] . The interaction between neurodevelopmental immune insults and genetic background will increase the risk for SCZ [15] . As a member of the immunoglobulin superfamily, cytotoxic T-lymphocyte-associated protein 4 (CTLA4) encodes a protein which transmits an inhibitory signal to T cells, and has been shown to be associated with the risk to SCZ [16] [17] [18] . Glutamic acid decarboxylase (GAD) enzymes can catalyze glutamate turning to gamma-Aminobutyric acid (GABA). GAD1 encodes one type of glutamic acid decarboxylases (2069816) that can catalyze glutamate turning to GABA. Dysfunction of the GABAergic system is associated with the development of SCZ [19] . Oligodendrocyte lineage transcription factor 2 (OLIG2) encodes the oligodendrocyte transcription factor that was shown with association with SCZ [20] [21] [22] . Phosphoinositide-3-kinase, class III (PIK3C3) was involved in the pathways of phosphoinositide synthesis (PI) [23] , and was essential for CNS neuronal homeostasis [24] . Evidences support PIK3C3 as a candidate gene of SCZ [25] .
Associations of single-nucleotide polymorphisms (SNPs) in the above six genes with SCZ have been reported in different ethnic populations. Since the allelic frequencies of genes often differ substantially among different ethnic groups, a combined analysis of these studies may help compare the genetic associations in different populations. In the present study, we perform meta-analyses to evaluate the contribution of the polymorphisms of the six genes to SCZ susceptibility in different populations.
METHODS AND MATERIALS

Publication Search and Data Extraction
Candidate studies for current meta-analyses were retrieved after a search from 2000 to 2013 in the electronic databases including PubMed, Embase, Web of Science, Wanfang database and China National Knowledge Infrastructure (CNKI). The keywords and Medical Subject headings used in the search include "schizophrenia", together with "polymorphism", or "allele", or "genotype" or "SNP". As shown in Figure 1 , SNPs with less than 3 independent case-control studies were excluded from further analysis. SNPs with previous meta-analysis were also discarded from the current study. The retrieved information include the first author's name, year of publication, ethnic group, number of genotypes and alleles, and total number of cases and controls. Our comprehensive search identified a total of 9 SNPs of 6 genes that were involved with at least 3 independent genetic studies. These genes comprised, PIK3C3 (432C > T), ABCB1 (C3435T and G2677T), CTLA4 (+49A/G), OLIG2 (rs762178), GAD1 (rs1978340, rs3749034 and rs769395), and GRIN1 (G1001C).
Statistical Analysis
Meta-analyses were performed using the Review Manager (version 5.0, The Cochrane Collaboration). OR values and 95% CIs of the meta-analyses were demonstrated in the forest plots. Heterogeneity in the meta-analyses was calculated using the Cochran's Q statistic and I2 test [26] . For the meta-analyses with significant heterogeneity (I2 > 50%), random-effect model was applied instead of the fixed effects model. Publication bias of the studies in the meta-analyses was shown in the funnel plots. Figure 1 , a total of 4054 genetic association studies involving with 200 SCZ candidate genes were initially retrieved from the online databases including PubMed, Embase, Web of Science and Springer. Among these, 1331 studies on 61 genes with previous meta-analyses are discarded for further analysis, and 803 studies without enough genetic information were also excluded. At last, 34 case-control studies from 26 articles among 10,117 SCZ cases and 10,362 controls were included for the current meta-analyses of 9 polymorphisms on 6 genes (Figure 1) . The details were showed in Tables 1 and 2 .
RESULTS
As shown in
Our data also demonstrated a moderate heterogeneity of PIK3C3 432C > T (I2 = 42%, Figure 2 ) and a significant heterogeneity of GRIN1 G1001C (I2 = 79%, Figure  3 ) and OLIG2 rs762178 polymorphism (I2 = 94%, Figure 3) . No evidence of statistical heterogeneity was observed for 8 SNPs, including ABCB1 polymorphisms (C3435T: I2 = 1%; G2677T: I2 = 0%, Figure 2) , CTLA4 +49A/G (I2 = 46%. observed in the funnel plots for the 9 meta-analyses (Figure 4) . Moreover, subgroup meta-analyses by ethnicity of GRIN1 G1001C polymorphism in the Chinese population was failed to find the association between GRIN1 G1001C and the risk of SCZ (OR = 0.74, 95% CI = 0.52 -1.07, P = 0.11).
DISUSSION
With the advancement in the genotyping technologies, the number of association studies is soaring in order to harvest the genetic variants underlying SCZ. Meta-analysis as a tool has been widely applied for a comprehensive analysis to overcome the defection of small sample size. Instead of focusing hot genes including COMT, DRD2 and BDNF, we aimed to check the ignored SNPs without being summarized in the previous meta-analysis. Through a comprehensive filtration starting from 1267 genes in 4054 literatures, 9 variants of 6 genes from 34 studies were included in the current meta-analyses. Based on case-control association studies for the susceptibility of SCZ, our meta-analyses found no evidence of significant associations between the 9 SNPs and SCZ. Encoding by GRIN1 (NR1) gene, NR1 subunit was the member of the NMDA receptor, which functioned as a glutamate-gated cation channel [27, 28] . Mice model of SCZ expressing only 5% of normal levels of the essential NMDAR1 (NR1) displayed behavioral abnormalities [29] . The transcription of cloning of GRIN1 gene in the chicken showed higher activity of the 5'-flanking region retinal neurons and neuronally-differentiated PC12 cells [30] . G1001C located in the promoter region of GRIN1 seems to alter a consensus sequence for the p50 subunit of the transcription factor NF-kB [31] . Via N-methyl-Daspartate (NMDA)-receptor activation, glutamate regulates synaptic activation of NF-kappa B which would act as pivotal regulators of activity-dependent inhibitory and excitatory neuronal function regulating synaptic plasticity and memory [32, 33] . Furthermore, another study showed that the NF-κB site positively regulated the GRIN1 promoter during neuronal differentiation via interacting mainly with Sp, a transcription factor [34] .
The association analysis of the SNPs in GRIN1 gene with SCZ has been evaluated in Italian, Chinese and Iranian populations with inconsistent outcomes. Zhao's study indicated GRIN1 1001C as a protective factor in Chinese population, while other studies including 1 study in Italian population showed GRIN1 1001C as a risky factor. A meta-analysis with exclusion of Zhao's study (OR = 1.15, 95% CI = 0.74 -1.78, P = 0.53) or Begin's study (OR = 0.90, 95% CI = 0.56 -1.45, P = 0.66) showed no significant association between GRIN1 1001C and SCZ. In addition, a significant genetic inte- raction between the G1001C in the GRIN1 gene and the T4197C and T5988C polymorphisms in the GRIN2B gene implied that the combined effects might be involved in the etiology of schizophrenia [34] .
The results of our meta-analysis do not provide support for the association of the rest 8 polymorphisms with SCZ. Under a moderate risk of AD (OR = 1.2), power analysis showed G1001C of GRIN1 (40.6%), C3435T of ABCB1 (49.9%), G2677T of ABCB1 (34.7%), 49A/G of CTLA4 (89.6%), rs1978340 of GAD1 (71.8%), rs3749034 of GAD1 (75.7%), rs769395 of GAD1 (74.9%), 432C > T of PIK3C3 (68.3%) and rs762178 of OLIG2 (99.6%). Among those, 3 SNPs lacked power for the meta-analyses. It might be the reason why we fail to find the evidence between the 9 polymorphisms of SCZ.
There were several limitations in our meta-analyses. Firstly, sample size was rather small, which might lead to a mistake in finding markers with small effects on SCZ. Future studies with larger sample size and a rigorous study design may help prevent a lack of statistical power.
Secondly, SCZ is a complex disorder that has been classified into several complex subtypes in clinical. The case samples in the involved studies didn't provide enough subtype information which may introduce hidden stratification in our meta-analyses. Lastly, lack of enough information and available studies, the subgroup analysis of the stratifying variable including gender and ethnicity was unable to be performed in our studies.
In conclusion, our meta-analyses demonstrated a lack of association between SCZ and 9 variants of 6 genes including PIK3C3 (432C > T), ABCB1 (C3435T and G2677T), CTLA4 (+49A/G), OLIG2 (rs762178), GAD1 gene (rs1978340, rs3749034 and rs769395) and GRIN1 (G1001C). 
